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GROWTH HORMONE CRYSTALS AND A PROCESS FOR PRODUCTION OF THESE 
GH-CRYSTALS 

Field of invention 

The present invention concerns a method of producing growth 
5 hormone crystals in the presence of. cations^ novel growth 
hormone crystals and pharmaceutical preparations containing 
such novel crystals. 

Background of the invention 

The growth hormones (GH) from man and from the common domestic 
10 animals are proteins of approximately 191 amino acids, synthe- 
sized and secreted from the anterior lope of the pituitary. The 
growth hormone is a key hormone involved in the regulation of 
. not only somatic growth, but also in the regulation of metabo- 
lism of proteins,- carbohydrates and lipids. 

15 During* the. past 40 years or more much attention has been 
devoted: to the unravelling of the biochemical function of the 
growth hormones from various species. The reason^ for this 
interest in the molecular function of this protein rests upon 
the commercial interests from both, veterinarian and medical 

20 circles. The GH gene has now been clonjed and human growth 
hormone (hGH) and Met-hGH are currently beeing produced 
biosynthetically by the use of both bacteria and mammalian cell 
cultures . 

Pharmaceutical preparations of GH tend to be unstable. Degrada- 
25 tion products such as deamidated or sulfoxydated products and 
dimer, or polymer forms are generated - especially in solutions 
of GH. Therefore, today GH is lyophilized and stored in the 
lyophiiized form at 4*C until it is reconstituted "by the 
patient, before start of use. 
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The^ recoristitTited preparations are preferably stored at 4'C to 
minimize degradation in solution. However some degradation will 
take place during such storage which can be for a period of up 
to about 14 days. There is thus a need in the art for more 
, 5 stable prepkrations of GH. 

It would also be an advantage to avoid the lyophilization step 
in the production of GHi preparatic^^^ l^ophiUzatipn is a t^ 
consuming and costly process and also often a limiting .pro- 
cedure due to the capacity of the freeze drier . 

10 The present invention : is based .<?h the surprising xecognitiion 
: that .the above needs are fulfilled by means of a'crystalliza- 
tiph step in -fehe production of GH. ; 

Although readily available in quantities sufficient for 
• crystallization,, GH has so far eluded succesfull crystalliza- 
15 tion.: Micro crystals , or- amorphous material have been,; reported 
from a variety of sources: (Jones et al. / Bio-Technology (1987) 
5, 499 - 5Qb? Wilhelmi et al. , J.Biol. Chem. (1984) 176, 735 - 
745; ■ Clarksoh et al. / J.Mol.Biol. (1989) 208, 719 - 721; and 
VBeil et- aliv, ; jVBiplr.C^ ^60> 8520. t ;8525. i • . ■ 

20 The hanging drop method is the most common method in use for 
this purpose.: Apparently due to heterogenicity among, growth 
hormbne preparatiohs, the size and- the shape of the> crystals 
have been reported; to vary significantly. The largest crystals 
: have been reported by Jones et al. (1987). For their^ ^uccess- 

25 full experiments they used a mixture of polyethylene . glycol 
sioo and beta octyl> glucoside at neutral- pH. xiarkson et al, 
(1989) report^ that ^ the us& of lower alcohols and. acetone 
permitted the generation of crystals of 0 . 001 to 0 .005 cubic mm 
with varying shapes. None of the known methods are however. 

30 suitable ? for commercial production of GH crystals a.o.- due to 
the fact that ; growth: times of, from several weeks up to< one year 
are needed-. • 
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. / ■ ■ ■ . . 3 . ■ 

Bovine growth hormone has been formulated for veterinarian use 
in a mixture of divalent, ions and an oil (EP 343 696) . By 
addition of/ ZnClg to either bovine or ovine growth hormone in! 
the . presence of lipids undef ined particles were prdduced to* 

.5 form a. prolonged release formulation. The grpwth hormone was 
dispersed in thei parrier in; sucbi.: way^f as. to trap» 1 to - 4 Zh; 
molecules per growth hormone molecule. The solutions were* 
prepared in the presence of varying:, concentrations of dena- 
turing^ solutes (1 to 4 M of urea) at high pH ( 9 . 5 ) . A rejiroduc- 

10 t ion of this process with hGH has shown that it is not possible 
to produce crystals in this way.. 

From the- literature^ it is well known that the presence - of : 

divalent cations during the process of crystallization permits- 

not only excellent orientation during analysis^ but also 
15 improved physical conditions for the crystallization of insulin 
: (e.g. us pat. no. 2174862)., Growth hormone is, however, tj^more 

than three times larger, than insulin and has a totally d 
. ferent. conformation. Surprisingly the/ additibri. of cations to 

solutions; containing hGH: have; now permitted: the . generation of ; 
20 stable, uniform crystals of -the growth hormone in higte;yielda;, 

Fiirttiermore^ :the:^ usedi f or' .theii-f bra highi:t| quality i- 

hGH crystals: is relatively shdrtv 

summary of the invention, 

In its broadest aspect the.' present invention is related to a 
25 process for production of cation crystals of GH or GH der- 
ivatives, comprising the following steps: 

a)i; adding cations of /inorganic or organic nature: to a solu-^ 
tion of GH or derivatives thereof at a pH between 5 and 8 , 
by growing of crystals at a temperature frbm: about 0 to aboUt 
30 • iorc, and: .'■ ^ - .^ . ; ^v. • • ^ 
c) isolation of the cation crystals by known means. 
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In the present context GH is intended to cover all species of 
GH including him ovine, salmon, trout or; 

tuna . GH derivatives are intended to cover GH of human or 
animal species with minor variation in the protein sequence. 
[ , 5 Thus / a few amino acid; residues may haye v been deleted or 
■ replaced byL other ^aiaino" acidt residues • Alsb:^-c6vered;n is trun-z: ! 
cated forms of growth hormone and derivatives thereof as well 
asi growth; hormones with amino acid, residues added ; to the^ • 
and/pr C-rterminal end of:^ 

10 The process accdirding tO; the present invention has fbr the 
first timer made;, i^^ possible ^tbi^produce^ chemicallY^^ 
uriif03nn catidn-GH crystals.; AlsoV the present process enables / 
prdduction of bpth^ larget and smaller crystals of growth • 

; hormone,, as the need m?^^ 

15 The- p» in step a)- is. preferably from 5.0 to 7.5,, more pre- 
f erabiy "from 5> 0 t:p 6 . 8 , evieh^ more preferably from 5 to 6 • 5 , , 
and most preferably frxntf 6.0 -to 6.5.; 

According to a preferred embodiment: of the-; present ^ inyention 
|:r;the- growths hormonej:-^^^ naturei-^K-^ y-.);^::^-. -y' l]^ 

20 The cations may be of inorganic or organic nature Divalent 
cations are preferred and of 1 these an^: inorganic cation such as 
V Zn^"^ has turned but to be well suited for the^fast: formation of: 
stable GH crystals. Also mixtures o£ these cations can be used. 

The : cation -should- be 'aidded -in an: providingi; fast and 

25 efficient: formation of well defined crystals^. The upper -limit - 
for the amount. o£ added cation is the amount which would cause 
unspecif ic ' precipiitatipn bf substantial amounts: of: . amorpheous 
.-material. ■• ^ 

If Zn** is Jused,; suitable conceritratipns will, typically be from- , 
30: about 0.2 to io mol Znt*/mol GH.. However; if the crystallization 
reaction mixttire^ contains a buffier or other compound which is 
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capable of binding some of the cation, e.g, in a complexed 
form, greater concentration of the cation will be needed 
because some of the cation will not be available for the 
crystallization process. 

5 Zn** will preferably be used in an amoiant which will cause 
formation of GH crystals with a molar ratio between Zn** and GH 
from sd?out 0.2 to about 10, preferably from about 0.5 to about 
5 and more preferably from edDout 0.5 to about 2. 

In a preferred embodiment of the invention there is added, an 
10 organic solvent or a mixture of organic solvents in step a). 
The organic solvent may be chosen from the group consisting of 
short chained aliphatic, cyclic or aromatic alcohols and 
ketones. Suitable organic solvents are acetone, methainpl, 
ethanol and 2-propanol. A preferred organic solvent is ethanol 
15 or acetone. The concentration of the organic solvent may be 
from 0.1 to 50% v/v, preferably from. 0.1 to 30%, more pre- 
ferably from 0.1 to 20%, even more preferably from 5 to 15% and 
most preferred from '6 to 12% v/v. 

The present processt may- be used as a fast arid: efficient; down 
20 stream processing of the growth hormone in cjuestion, due to the ^ 
formation of crystals, in large volumes of solutions. 

The present invention is also related to ; novel cationic 
crystals of GH or GH derivatives 

The crystals are preferably hGH crystals or crystals of 
25 derivatives of hGH. The* cation is preferably Zn*^ and the molar 
ration between Zn** and GH will typically be from about 0.2 to 
10,. preferably from 0.5 to 5 and more preferably from 0.5 to 
2.0. The size of. the crystals will be dependent on the Zn** to 
GH ratio and the choice and content of solvent used in the 
30 process. \ 
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hGH crystals according to the present invention have been; shown 
to have a biological potency similar to that of a solubilized 
hck standard in in vitro and in vivo tests. The novel GH 
crystals can thus be used f or ' the same indications as the 
5 coimercially available hGH preparation 



Pharmaceutical preparations containing the novel GH crystals 
will typically be solutions or suspeinsions dnd may contain the 
usual adjuvants arid addit ivies . used for phanaaceutical hGH 
preparations^ such as buffers^ glyceS^oi; and preservatives. The 
10. preparations.^ may be atoinistereci^ way as the comroer^. 

cial hGH preparations.' The crystals may also be formulated as 
dried crystals which will then have to. be recbnstittited before 
start: of use. ' 

The pharmaceutical preparations containing the : novel GH 
15' crystals have surprisingly - a- very high- chemical stability 
compared with. prepara:tions made from, commercially available GH. 

The present invention therefore provides for a possibility of 
^ productibn of ' pharmaceutical preparations that; are more; 

convenient, especially for the patients. Due; to the high 
20 stability of the crystals in suspension, the present invention 
will as an example make it possible to produce/ ready to use 
pharmaceutical prepiaratiohs- in the foarm of suspensions .which 
will not need to be. reconstituted by the patientis before use. 

In a further -aspect the invention provides a valuable tool for 
25 production and purification purposes of GH. 



Detailed 



description of the invention; 



The starting material, the growth hormone that may be of any 
origin arid if desired derivatized in solution, is adjusted to 
a concentration preferably greater than about 0 . 1 mg/ml , more 
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preferably from about 4 to about 7 mg/ml and most pr f erred 
about 6 mg/ml.. The pH. will preferably be from 6.0 to 6.3. 

To the above mentioned solution may be added an organic 
solvent. A preferred organic solvent is ethanol in a con- 
5 centration which may vary betweenr 0,1 and 20%> preferably 5 and 
15%, and most preferred 6 and 12%. 

Other solvents such as acetone, methanol or propanol may be 
used alone or as a mixture instead of or together with ethanol 
in a concentration within the range of from 1 to 50%. 

10 Cations of inorganic or organic nature, or mixtures thereof are 
then added to the resulting solution, 

A preferred, cation is Zn** which will normally be used in a 
concentration from 0.5 to 10 mol/mol GH, preferably from* 1.0 to 
3.0 mol/mol GH, more preferred from 1.1. to 2.2 mol/mol GH and 
15 most preferred from 1.2 to 2.0 mol/mol GH. 

If cations of inorganic nature other than Zn"^"** are used,:* the 
concentration^ may b^^: varied between 0.5 and 10 mol/mol GHv 

The: crystals are then grown for a period of from 1 to 120 hrs. 
preferably 5-72 hrs., most preferred 20-48 hrs., and at a 
20 temperature of between 0 and, 30 'C, preferably from 4 to 25 "C. 

The crystals may be recovered by centrifugation or filtration, 
followed by washing, and/or freeze drying to remove remaining 
organic solvents. 

Pharmaceutical preparations of dried crystals: or crystals in 
25 suspension can now be formulated by using various selected 
buffers and other pharmaceutically acceptable additives. 

The invention is further illustrated but not limited by the 
following examples: 
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Example; 1 

Crystallization of hGH in the presence b f Zn"^'*'. 



500 ml of hGH. solution produced according to H. Dalboge et al. , 
- 5 Bio-Technblogy- (-19S 

ing/ml was incubated in 10 mM' phosphat buffer (NaHjPO^) and 
• adjustedv to pH 6.1 with H3PO4. Acetone was added to a final 
concentration of 10% (y/v) and thereafter zinc acetate solution 
was added to a final concentration of 0.08 mg ZnAc2, 2H20/ml 
10 1.34 mol Zn**/mol hGH. . 

The resulting solution was left at 15°C for 20 hours, whereby, 
crystals were allowed to form. - ' 

After this th^- crystals were ■ recovered- and washed 3 times with 
' crystaiiizatibn buffer Without acetone. The crystailization was 
15/checKed by; it^^ of the crystals were 

• measured to 8-12 urn. A photomicrograph is' shown, in. Figure 1. 

The- crystal iyield of hGH waW- determined by solubilization, of 
the washed .'cirystals in 7M urea followed by ion exchange HPLC 
analysis.. -.'^/.V;.. 

20 The yield, was found to be more than 50%. 



' ' ' . Exeunple 2' • 

Example 1 was repeated with the exception that Met-hGH was used 
/ instead of hC^. The crystals recovered by this process were 
■ ' identical , in shape ahd size to those obtained with hGH. The 
25 yield was more than 50%. 
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Example 3 

Example 1 was repeated with the exception that the addition of 
acetone was omitted. 

The crystals of hGH regulting from this procedure were much 
5 smaller than the crystals resulting from Example 1, less than 
2 fm. 

Example 4 

Example 1 was repeated under conditions where acetone . was 
exchanged with ethanol and temperature during growing period 

10 was 20'C instead of 15 'C. All other experimental conditions 
were identical to those described in example 1. By varying the 
ethanol concentration the optimal concentration was found to be 

. 7.5% (v/v) . The yield was increased to >80% if the motherfluid 
following, initial crystallization for 16 hrs was supplemented 

15 with further 4% (v/v) ethanol and the crystallization, tempera- 
ture was lowered from 20" to 10 'C over a period of. 16 hrs. The 
size of the: crystals were between: 3 to 6. with a shape 
similar to that described. in example 1. 

Example 5 

20 Determination of the amount of Zn bound in hGH crystals 

Example l was repeated with the exception that ethanol in a 
concentration of 7.5% (v/v) was added* instead of acetone and 
that crystals were allowed to form for 16 hrs. at 20* C, then the 
crystals were separated from the motherfluid by centrifugation 
25 and washed, once .with 10 mM phosphate buffer. The crystals were 
solubilized by raising the pH to 8.0 with NaOH. The hGH was 
measured by ion exchange HPLC. or .by UV determination. The Zn 
concentration was measured by atomic absorption and the results 
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' were compared with those values obtained for the total crystal 
" suspension. The ratio of bound Zn to hGH was . found to be 1.9 
"" mole of Zn per mole of hGH.' 

■ Example:, .6:. . ^ J ..'i:.^ 11 1..:^ [ lil' 

FoTTnulation of a Pharmaceutical Preparation Containing hGH; ■ 

Crystals were grown as described in example 5 and stored at 

4 • C. The crystals : Were then isolated by. centrif ugation and 
. : subsiequentl rCTioval . the mother fluid. The ^^.^^^^ yf^^ 

freeze dried over hight to achieve dry crystals with ho 
10. remaining organic solvent. A pharmaceiitical suspension of the 

dried crystals was . prepared according, to the following for- 
•■".mulation:. .. • . 

h<5H crystals 1-3 mg/ml 

. NaHjPO^rSHjO ••- 3.0 mg/ml ' ' . 

15 Zn(Ac);2/H2Q. : . O.l mg/ml ; • 

Glycerol 15.0 mg/ml . 

Benzyl alcohol. • ^ I5 .,p mg/i41^^^^ . 

. pH was adjusted to 6.2., ' 
■ Exeunple.7'- 

20 Example 6 was repeated with the exception that Zn(Ac)2,H20 wa^ 

- - '-rromitted/ giving a^^^ of the following f prmuiation :.. 

hGH crystails , 1.3 >g/mr - . 

NaH2P04,2H20 3.0 mg/ml 

Glycerol is.O mg/ml 

25 Benzyl alcpiiol . 15. 0 mg/ml 

pH was adjusted to 6.2. 
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Example 8 

The crystals were treated in the same way as in. example 6 and 
the following suspension was formulated: 



hGH crystals. 
5 NaH2PO^,2H20 
NaCl . 

Benzyl alcohol 



1.3 mg/ml 
2.5 mg/ml 
5.7 mg/ml 
15 .0 ing/ml 



pH was adjusted to 6.2, 



Example 9 



10 The crystals were treated in the same way as in example 6; and 
the following solution was prepared: 



hGH crystals 

NaH2PO^,2H20 

NaCl 



1.3 mg/ml 
2 . 14 mg/ml 
9 . 0 mg/ml 



15 pH was adjusted to 6.1. 



Example 10 



Tibia test 

To estimate the in vivo biological potency of the hGH crystals 
prepared according to the invention a tibia test was performed 
20 using hypophysectpmized rats. The test was performed in 
accordance with the method described in the European Pharmaco- 
poeia. 



Two preparations of hGH crystals produced according to example 
1 and formulated as preparations according to exampel 9 . (F-7 



BNSPOCID: <WO_9200998A1_L> 



WP 92/0099iS 



PCT/pk91/00203 



12 



and F-8) ,each containing an estimated amount equivalent to 4 lU 
were tested against a dissolved standard" hGH preparation. 

. The following results were obtained: 




Table 1 



5 The potency of the preparations F-7 and F-8 





Test 
preparat. 


Potency: 
% of std. 


iU/Yial . 


. 95% confid. 
limits, % of std. 


10 


". ■ F^7 ~ , 


90.1 


3.9 


87.6 - 114.1 




■ F-8 


103.8 


4.5 


90.6 - 110.4 


15 


Std. hGH 
1986 . 


s 100. O 







From the performed test it can be concluded that , the hGH 
crystals according to the invention are ecjually biological 
potent as the solxibili zed hGH standard and therefore will have 
20 a bioavailability. equal to that of usual solubilized. hGH. 

'Example: 11., 

hGH crystals were grown as described in ekainple 5 • Immediately 
befbre use a. suspension was prepared by centrifugation of the 
crystals^ subsequent retmpval of the motherfluid, and resuspen- 
25 sion of the crystals in sterile 10 mM NaHgPO^, pH 6.2 giving a 
final concentration of: 0.16 mg hGH/^ suspension. 

The suspension was used to estimate the potency of the hGH 
crystal preparation in a weight gain assay- The test was 
performed, in, accordance with the method described in- the 
30 European Pharmacopoeia, with the exception that the time of 
dosing was prolonged to , 10 days in order .to optimize the 
biological response. 
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Two preparations of hGH crystals were used, each containing the 
same amount of hGH protein as the preparations of a growth, 
hormone standard, r which they were tested against. The standard 
was a reconstituted freeze-dried hGH preparation. All the 
5 animals r:eceiyed the same amount of hGH. 

The potency of the hGH crystal preparations were found to be 
92.6% of the standard. The- 95% confidence limits were 79.1 - 
126. 4% of' the- standard. . ; 

The hGH crystal preparation was thus shown ta have a biological 
10 potency equal to that of the solubilized hGH standard; 

Extople: 12-^ 

* stability of hG H crystals stored in suspension for 6 months at 
22-24 °C>. 

The crystals; were- formed- as described in Example: 1 with the, 
15 exception that .7. 5%r {v/v) acetone, was added instead of ,10%.. 

The: crystal's were allowed to remain in suspension in the' mother 
fluid for 6 months at 22-24'C. A sample of hGH cryistals werje 
removed by centrifugation, washed once with crystallization, 
buffer without acetone- and solubilized by , raising the pH: to 
20 8.0.. ":■ . ; \ ■ ' ' . 

The solublized hGH! ci^^stals were subjected, to analysis on ion 
exchange HPLC and GPC for detection of desamidb and .split forms 
or dimers and: polymers , respectively 

When* the : data were compared- with those* of "a reconstituted 
25 iyophilized; hGH preparation stored^ at 25'C for 32 days the 
content pfr thei main peak; of hGH:5 in- reconstitute hGH "crystals 
was superior to-reconstituted Iyophilized hGK, stored under 
comparable conditions (see table 2) . 
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RcconstiV 

weci lion 


Crystals 


^ Storage-'; 


132: idays: : 1 


22^24 'C : 

:L'.6ti»ontifis:.v 


Main peak on 
lE-HPLC (%) : 






pimer (%) : 


0.7 


: 1^2 - 


Polymer ,(%)• 




0.3 


Desamidd (%)^\ 


,. 2 5..- 9' • 


5.0. 


Didesamido (%) . 


2.9 


■-■ . .1.8 


Split. fo3na (%) 
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CLAIMS 

1. A process for production of cation crystals of GH or of GH 
derivatives^ coinprisihg the following steps: 

a) adding cations of inorganic or organic nature to a solution 
5 of GH or derivatives thereof at a pH between 5 and- 8 , 

b) growing of crystals at a temperature from about 0 to about 
30 'C, and 

c) isolation of the cation crystals by known means. 

2. A process according to claim 1, wherein the pH in step a) is 
10 from 5.0 to 7.5, preferably 5.0 to 6.8. 

3 . A process according to claim 1, wherein the pH in step a) is 
below 7 J 

4 . A process according to claim 1, wherein , the pH in step a) is 
from 5.8 to 6.5, preferably from 6.0 to 6.5. 

15 5. A process according to any of the previous claims, wherein 
an organic solvent or; a mixture of organic solvents is ; a^ 
step a) 

6- A process according, to claim 5, wherein the organic solvent 
is selected from the group consisting of short chained alipha- 
20 tic, cyclic or aromatic alcohols or ketones. 

7. A process according to claim 6, wherein the organic solvent 
is selected from the group consisting of acetone, methanol, 
ethanoi and 2-propanol. 

8. A process according to claim 7, wherein the organic solvent' 
25 is* ethanoi or acetone. 
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9. A process according to any of claims 5 to 8 wherein the 
organic solvent is added in ;a concentration of about 0.1 to 
cJDOUt 50% v/v. 

10. A process according to claim 9, wherein the organic solvent 
„ 5 is added iinia concentrat^ of 0 . 1 to 3 Q% ,:lpreferably fr^omtJ^ 

to 20%, more preferred from 5 to 15% and most preferred from 6 

to,.i2%^*.. ; .... . : ' . • ' .; ' ... . V 

* 11. A process according- to any of the preceding claims 1 to 10> 
wherein the cation iis a divalent cation. 

10 12. A process according to claim- 11, wherein the divalent 
cation ik Zn**. / 

13 . A process .according to claim 12, wherein Zn"*^ is added in a 
concentration below the limit for uhspecific precipitation of 
aniorpheus material, v 

15 14. A process according to claim 13 , wherein Zn*?" is added in a 
concentration from 0.5 to 10 mol Zn**/mol. GH. 

' 15. A process according to claim 14 wherein the concentration 
ot Zn^ is from 1.0 to 3.0 mpl Zn**/mol GH, more preferred from, 
i.l to 2.2; mol . Zn'*^/mbl; GH and; most preferred from: 1.2 to: 2.0 
2Q moi Zh^/mol GH. ' ' . / / 

16. A process according to any of the preceding claims, wherein 
the growth, hormone is hGH or derivatives thereof. 

17. A process, according to any bf. the preceding, claims , wherein, 
the temperature in step b) is from about 4 to about; 25*C. 

25 18. Cation crystals of GH or GH derivatives 

19. Crystals according to claim 17, wherein the grbwth hoirmone 
is hGH or derivatives thereof. 
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20. Crystals according to claims 17 or IB, wherein the cation 
is Zn**. 

21. Crystals according to .claim 19, wherein the molar ratio 
between Zn** and GH is from about 0.2 to about 10, preferably 

5 from about . 0.5. to 5 and more preferably from about 0.5 to 2.0. 

22. Pharmaceutical preparations, characterized in that they 
contain crystals according to any of claims 16 to 20. 

23. Use of a crystallization process according to claims 1 to 
15 as a purification and/ or isolation step in the manufacturing 

- 10 of GH . 
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